Cell lines and bacterial strains. Vero cells (African green monkey kidney cells, ATCC) were cultured in Dulbecco's modified Eagle's medium (DMEM, Gibco) supplemented with 10% heatinactivated fetal bovine serum (HI-FBS) at 37°C in a 5% CO2 atmosphere. E. coli DH5α and XL-1 were grown in Luria-Bertani Miller broth (Difco) at 37°C, supplemented with ampicillin (100 µg·ml -1 ), rifampin (20 µg·ml -1 ), or chloramphenicol (20 µg·ml -1 ) where appropriate. P. vulgaris OX2 (ATCC 7829), P. vulgaris OX19 (ATCC 6898), and P. mirabilis OXK (ATCC 15146) strains were grown in Luria-Bertani Miller broth (Difco) at 37°C. Rickettsia rickettsii Sheila Smith (Rocky Mountain Laboratory, Dr. Ted Hackstadt), R. conorii Malish 7 (ATCC VR-613) and kkaebi variants were grown in Vero cells in the presence of rifampin (0.2 µg·ml -1 ) and/or chloramphenicol (0.3 µg·ml -1 ) where appropriate. Rickettsiae were purified from Vero cells by differential centrifugation through 33% MD-76R solution (816 mM meglumine diatrizoate, 157 mM sodium diatrizoate hydrate, 1 mM NaH2PO4, pH 7.0; 21,000 × g, 4°C, 20 min) and stored at -80°C in SPG buffer (218 mM sucrose, 3.8 mM KH2PO4, 7.2 mM K2HPO4, 4.9 mM L-glutamate, pH 7.2).
codon-optimized for use in R. conorii, synthesized by Integrated DNA Technologies, Inc and PCR cloned into pHTRL2, creating the kkaebi mini-transposon flanked by 19-bp Tn5 inverse repeat (IR) sequences in pHTRL3. The R. prowazekii-optimized arr2 rifampin resistance cassette, derived from pRAM18dRGA (kindly provided by Dr. Ulrike Munderloh, University of Minnesota) (1) , was inserted into pHTRL2, generating pHTRL5. The 1.6 kbp fragment, which was created by overlap extension PCR of colE1 origin of replication and PrompB-cat-TrompB, was used for generation of a R. conorii-E. coli shuttle vector (pHTRL4) by ligating with a 5.6 kbp fragment containing a multiple cloning site, dnaA and parA derived from pRAM18dRGA.
Another shuttle vector (pHTRL6) was constructed by replacing the cat gene with another antibiotic cassette, arr2, from pHTRL5. For pHTRL7, a gene coding for green fluorescent protein (GFPUV) driven by the rompA promoter (PrompA) was cloned into pHTRL6. A gene fragment containing R. conorii Rc0457-Rc0460 was PCR amplified from R. conorii template DNA and cloned into MCS of pHTRL7.
Inverse PCR. Transposon insertion sites were identified by inverse PCR (iPCR). Chromosomal DNA samples, isolated from kkaebi variants, were digested with NdeI at 37°C for one hour, followed by heat-inactivation at 65°C for 20 min and then self-ligated with T4 DNA ligase (NEB) at 16°C for 16 hours. Following ligation, the plasmid DNA was isolated with a PCR purification kit (Qiagen) and used as a template in an iPCR (iPCRF, 5'-GCTGTAATATCAAGCTGAACAGTCTGG-3'; iPCRR, 5'-CAAGGTGATAAGGTATTAATGCCACTTG-3'). DNA sequencing of the obtained PCR fragments revealed the kkaebi insertion sites within the chromosome of R. conorii (GenBank Accession no. NC_003103.1).
RNA extraction and cDNA synthesis. Three independent cultures of the R. conorii wild-type, HK2 pHTRL7, and HK2 pHTRL8 variants were grown on Vero cells at 34°C with 5% CO2 for 2 days. Vero cells were mechanically disrupted with 3 mm glass beads. After host cell debris was removed by centrifugation (1,000 g, 4°C, 5 min), the supernatant containing R. conorii was treated with RNAprotect Bacteria Reagent (Qiagen). Total RNA was extracted using RNeasy Mini Kit (Qiagen) with on-column DNase I digestion, according to the manufacturer's instructions. 100 ng of total RNA was used for cDNA synthesis with random hexamers (iScript cDNA synthesis kit, Bio-Rad). Primers used for PCR amplification of Rc0459 is listed in SI appendix, Table S3 .
Growth and plaque assay. Growth curves were generated by infecting wild-type R. conorii and kkaebi variants into monolayers of Vero cells in 6-well plates at a multiplicity of infection of 0.01. At 2-day intervals, Vero cells in each well were dislodged with 3 mm glass beads and lysed by vortexing with 3 mm glass beads. R. conorii infectious titer was determined by infecting monolayers of Vero cells with 10-fold serial dilutions of lysates containing Rickettsia in DMEM supplemented with 5% HI-FBS. Upon infection, Vero cells were incubated at 34°C with 5% CO2 for 60 min to allow attachment and overlaid with DMEM containing 5% HI-FBS and 0.5% agarose. Antibiotics were added six hours post-infection and incubation continued at 34°C for four-five days prior to isolation or direct enumeration of plaques with MTT staining (Acros).
Microscopy analyses. Cytopathology in Vero cell cultures was analyzed by microscopy. On day 3 post-infection, differential interference contrast (DIC) images of Vero cells infected with R.
conorii variants in multiple fields of 6-well plates were captured with a charge-coupled device camera, contrast adjusted, and pseudo-colored using Affinity Photo. Areas of cytopathic Vero cells were assessed by NIH ImageJ software. For electron microscopic studies, Vero cells infected with R. conorii variants for three days were fixed with 2% glutaraldehyde and 4% paraformaldehyde in 0.1 M sodium cacodylate buffer, embedded in epoxy, and thin sectioned (Advanced Electron Microscopy Facility, University of Chicago). Sections were stained with uranyl acetate and viewed using a Tecnai F30 (Philips/FEI) transmission electron microscope (field emission gun, 300 kV accelerating voltage, and magnification of × 25,000) and a highperformance charge-coupled device camera with 4,000-by-4,000 resolution. Images were acquired using Gatan Digital Micrograph software, contrast adjusted, and processed using Affinity Photo. Rickettsial cell width and length were measured using NIH ImageJ software.
Transformation. Approximately 510 8 PFU of purified R. conorii were electroporated with 5 µg of plasmids, immediately plated onto Vero cell monolayers, and then allowed to infect Vero cells for 60 min at 34°C, after which the medium was removed and replaced with fresh DMEM containing 5% HI-FBS and 0.5% agarose. Six hours post-infection, medium containing antibiotics was added for the selection of transformants. Individual plaques isolated and expanded in Vero cell monolayers in the presence of antibiotics. Typical yields for plasmid transformation are shown in SI Appendix, Table S4 . Rifampin 53 (±20) pHTRL4
Chloramphenicol 287 (±21) a R. conorii Malish 7 was electroporated with 5 µg of pHTRL4 or pHTRL6 in 100 µl SPG buffer in 0. 
